


DR4G OF CANOPIES AT " N S O N I C  ADD SUPERSONIC SPEEDS 

5y  Sherwood HoSfhan and A. Warner Robins 

Psea-rule  analysis  provides a good basis fo r   t he  ciesip- of er"r"icient 
cenopies a t  transonic aDd mpersonic  speeds. Hoxever, detai led ca-n-opy 
design is  impor t a t  for minimizing the  subsonic drag increnen-l. Body 
indentation may be e-xpected t o  reduce the  cmopy drag from 25 t o  50 per- 
cenk at low scpersonic  speeds. In general,  the  inclined fla.t windshield 
is as good as the  vee  windshield from a drag  standpoint. The pressure 
drag of canopies can be  adequately  predicted  with  area-rule  theory a3ove 
ikch number 1.1. 

IETRODUCTION 

The design of p i l o t  can-ozries for rr?inimum drag is i q o r t a n t  fo r  optimum 
i gerforrnance of' airplanes at high  speeds.  Recect tests icdicate  that the 

drag of conventior?zlty-pe  cenopies  varies from 10 t o  20 percent of the 
air-plane drag above Mzch nmber 1.0. In   o rder   to  eid. the fiesigner h- 
minimizing t h i s  drag penalty, the National Advisory  Comaittee Tor Aero- 
nautics -has conducted several   iavestigations t o  determine some of the 
basic  drag  proFerties of canopies,  such &s the   e f fec t  of windshield 
shzpe, s ize ,  and locatio_n- on drag, as well E?S the  usefulness of the area 
ru l e  for reducing and predicting  the drag due t o  cmopies. T'ne purpose 
of %his paper is t o  give a short  account of these  investigations  with  the 
view of providing a basis  for the  design of e f f i c i en t  canopies a t  tran- 
sonic and sugersonic  speeds. 
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RESULTS AND DISCUSSIOR 

Canopy-Fuselage Total Drag 

Windshield  shape.- An example of the   e f fec t  of windshield shape on 
drag is given in   f i gu re  1. The three  configurations  near  the  top of the 
figure were identical   except  for the shape of the windshield. The vee 
and f la t  windshields were derived fron; the round windshield. All three 
canopies had a f ronta l  area equal to 0.163 the fuselage  frontal area and 
an  equivalent body f ineness   ra t io  of 7. The body is a dlrooped-nose fore- 
body of fineness  ratio 5.6. Both the canopies and body had e l l i p t i c a l  
cross  sections. The t o t a l  drag coefficients are f o r  zero angle of ettack 
and are based on the body f ron ta l  area. The tests were made in  the 
Langley 8-foot  transonic tunnel (ref. 1) and i n  the Langley 4- by &-foot 
supersonic  pressure  tunnel (ref. 2) for t'ne ranges of Mach  number shown. 

The comparison shows that windshield s h p e  may have an  important 
e f fec t  on drag at all Mach numbers. The vee  windshield has about  twice 
the  subsonic  drag  increxent of the f lat  windshield a t  high  subsonic  speeds, 
approxirately 30 percent more drag than the flat windshield at transonic 
speeCs, and s l igh t ly  more drag  than the flat and  round windshields ne= 
Mach  number 2.0. Calcillations from pressure  surveys  (ref. 2) on tae  f la t  
and vee  windshields show that the lower drag f o r  the f la t  windshield is 
associated with the flow  expansions  around the edges  of the  windshield 
s o  as t o  produce  lower pressure Over the canopy frontal   projection. 

The apparant  superiority of the flat over the vee i n  t h i s  case is 
not  necessarily  representative of flat and vee windshields in  general .  
I n  a second  case, the  incremental  differences were smaller, and, i n  a 

c. 
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third  case,  there wes no measu_rable difference dEe to   w izhh ie ld  sh-ge. 
It is significant,  however, that a f la t  windshield may be used.  Without, 
any drag  penalty  relative  to a vee vindshield. 

f i g n e  
Canor, size.-  The efrect  of cmopy s i ze  03 drag is shown also ir? 

1 and 2 ) .  The frontal   area of the  large  Tlat-face canopy 
was reduced  about 40 percent,  the  fineness  ratio w a s  increased from 7 
t o  10, and the  windshield sweepback was increased f ro=  55O t o  65O. These 
c b g e s  gave a large  reduction  in  the  cmopy  drag,  reducing  the  drzg 
increnent  by  about 60 percent at supersonic  speeds. It is evidezt IYom 
t h i s  coxpmison 2nd others tkt  minimm f ronta l  &rea, high  fineness r&.tio, 
and low windshield  slope  (ref. 3) fo r  canopies on pointed  bodies are 
necessary f o r  low drag above Bhch  number 1.0. 

Canopy-Fuselage Pressure Drag 

The ef fec t   tha t  canopy v&-iables have on the  pressure drag or drag 
rise can  be  predicted i n  a qual i ta t ive way with  the  transonic area rule 
( re f .  4) and i n  a quanti%ative way with  the  supersonic  area-rule  theory 
(refs .  5 and 6 ) .  The t e s t  drag-rise coefficients used f o r   t h e  compar- 
isons were obtained by subtracting  the  drag  coefficier-t at 2. Mach 
number of 0.8 from the  corresgonding drag coefficients at bigher Mach 
nunb er s . 

W 3 . -  A comparison of the  norm1  cross- 
sectional are8 distrroutions of the flat and vee windshields  with  the 
Tieaswed dreg r i s e s  cear M = 1.0 ( f ig .  2) shows tb t  t'ne r e su l t s   &re   i n  
agreey:en"l with  the concept  of the  transonic area rule .  The vee  windshield 
h s  a sonewhat =ore mpid r a t e  of developxert or" cross-sectional &rea than 
the  f la t  willdshield, and, hence, a slightly  greater  drag rise at t ran-  
sonic and supersonic  speeds. A s  the  Mach Ember increases,   the  effect  of 
windshield  shape 011 the  pressure  drag  decreases. 

When the  f ineness   ra t io  of the  large  f lat-face canopy wzs increased 
from 7 t o  10 by reducing i ts  frontal   area,   the  rs. te of &evelopment of 
i t s  cross-sectional ares. was improved markedly ( f ig .  2), giving a 
sxoother  overall  slope  distribution on i ts  area diagram and consitierably 
less  pressure  drag  throughout  the Mach  number range ( f ig .  2 ) .  

The theoretical   variations  (fig.  2) were coxputed f o r  a range  of 
Mach nmioers  Trox 1.0 t o  1.41. The theory  predicts  the  relative  effects 
of chenging  windshield s h q e  eRd canopy size,  as w e l l  as the  order of 
xgnFtude of the  pressure  drag above M = 1.1. The theoretical   values 
are high  for  the canopy-body combinations; however, the  agreexent is 
witnir? 15 percent ebove M = 1.1. T'nis agreexent is good i n  view of Yle 
fac t  that the  theory  gives  only a f i rs t -order  approximation of t h e   t o t a l  
pressure  drag. It should be remembered,  hok-ever, that there may be 
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sfgnificayt  differences  in  the subsonic drag level  which would affect   the 
t o t a l  drag at supersonic  sseeds. 

Campy location.- The r e s u l t s   i n  figure 3 were obtained from zero- 
l i f t  rocket-model tests of canopy-fuselage  combinations by the Langley 
Pi lot less   Aircraf t  Research  Division. A flat-face canopy of fineness 
r a t i o  7, wicdshield sweepback of 63O, and circular  cross  section w a s  
tested  in  three  ioagitudinal  posit ions between the nose and maxinun- 
di&xeter s ta t ion  of a parabolic  fuselage, as i s  shown in  the  f igure.  
The coqariscns show t h a t  moving the canopy rearward t o   t h e  maximm- 
diameter  station  gives  increasing  values of pressure  drag.  For  the 
present  case,  the  incremental  drag  increased  about 20 percent by noving 
the canopy from the forward to   t he  rearward position at supersonic  speeds. 
The rearward  displacement of the canopy increases  the rate of development 
of normal. cross-sectionel area md  gives more f ronta l  area, which, accord- 
ing to   the  t ransonic   area rule, corresponds t o  increasing  unfavoreble 
interference and higher  drag. The supersonic area rule theory  predicts 
the   e f fec t  of rearward displacement, and, as i n   t h e  case of the ea r l i e r  
coxparisons,  gives f a i r l y  good predictions of the  total   pressure  drag 
above M = 1.1. 

Body indentation.- The aforementioned t e s t s  show t'mt the canopy 
drags may be  high.  For  canopies  having  about  one-sixth  the body f ronta l  
area, the  canopy pressure  drag may be as high as the  fuselage  pressure 
drag. A possible  solution t o  t h i s  problem, recently  investigated by the 
Langley Pi lot less   Aircraf t  Research  Division, is body indentation  accord- 
ing to the  transonic  area rule t o  reduce  the  pressure  drag.  Figure 4 
shows the  resul ts  of such a symmetrical body modification on the pressure 
drag of canopies  having flat and  vee windshields. The symmetrical  inden- 
ta t ions  used vere  designed t o  cancel  the exposed canopy cross-sectional 
a r e a s   n o m 1   t o   t h e  body axis. The indentations  reduced the fuselage 
volume by approximately 3 percent. 

The normal area  indentation produced substantial   reductions  in  the 
total   pressure d r a g  of both  the f la t  and  vee windshields  (fig. 4) at tran- 
sonic and supersonic  speeds. The test results for   the flat windshield 
are  coqared  with  the  theoretical  pressure  drags  for  both  the  indented 
and original  configurations i n  th i s   f igure .  The theory  indicates a lcrge 
reduction  in  pressure  drag due t o  indentation and shows that the  effec- 
t iveness of the  trensonic  indentation  dhinishes  with  increasing Mach 
number.  The actual  reduction i n  drag is s l igh t ly  less than  one-half of 
that predicted;  nevertheless,  the  actual  reduction is  an  appreciable 
par t  of the canopy drag. / 

These tests and others show that M = 1.0 indentations may be expected 
t o  give from 25 percent t o  50 percent  reduction  in canopy drag et lox c. 

supersonic  speeds. Greater reductions may be possible frm. supersonic 
indentations or unsymnetrical  indentations. - 6 
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t 
Canopy-Airplane Drag 

I The results just  described we applicable, more or less, to   a i rp lanes  
l.laving a smooth t o t a l   n o m 1  aree d is t r ibu t ion   for   the  body, w i n g s ,  and 
other coxponents.  For a more practical   case,  where the a1irplaEe ares. 
diagram k s  a bung due t o   t h e  wing, the  optimum cenopy s i z e  and location 
may depend, t o  a large  extent, on designing the canopy t o  make t h e   t o t a l  
normal area dis t r ibut ion smooth, as is shown in   f igure  5 .  The configu- 
ra t ion  is a fighter  airplane,  with a canopy modificatio-n- that was recectly 
t e s t e d   i n  the Langley 8-foot transonic  tunnel. The or iginal  model bad a 
s m l l  canopy and a poor a rea   d i s t r ibu t ion  5-n the region of the wing and 
small canopy. The canopy volme w a s  almost doubled  and its f ioeness   rz t io  
w a s  increased to n&e the to t a l   a i rp l ane  =ea dis t r ibut ion smooth. A s  a 
result, t h e   t o t a l  drag coeTficient (based on w i r g  plan-form area) w a s  
reduced  about 4 percect and the  pressure drag by approximately 7 percent 
at M = 1.13. The reductions a t  t r ansonk  speeds were less, w i t h  no 
reduction  being  noted below a Mach  number of 0.9. 

Area-rule analysis  provides a good basis f o r  the  design of efficienk * canopies at transonLc and supersonic  speeds. However, detailed canopy 
design is important  for minimizing the  subsonic  drag  ircremeot. The  

a smooth overall  area distribution, it being  kept i n  mind that minimum 
f ron ta l  area, lov windshield  slope, and high  fineness  retio  for  canopies 
are conpatible with l o w  drag. Body indentation f o r  canopies  according 
t o  the transonic area rule may be  expected t o  reduce the canogy drag 
from 23 t o  50 percent at l o w  supersonic  speeds. In  general, the inclined 
T l a t  windshield i s  as good as the  vee  windshield from ~t drzg standpoint. 
The order of mgnitude of the  pressure  drag of canopies on pointed-nose 
fuselages  can be  adequately  predicted w5th area-rule  theory above M2ch 
number 1.1. 

9 cenopy should be so designed as to provide,  together witn the  airplzne, 

Langley Aeronautical  Laboratory, 
National Allvisory Coxunittee f o r  Aeronautics, 

Langley Field, Va., November I, 1955. 
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EFFECT  OF WNDSHIELD SHAPE AND CANOPY SIZE 
ON TOTAL DRAG 
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Figure 1 

EFFECT OF WINDSHIELD SHAPE AND CANOPY SIZE ON PRESSURE DRAG 
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EFFECT OF CANOPY  LOCATfON ON PRESSURE  DRAG 
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Figure 3 

EFFECT OF SYMMETRICAL INDENTATION (M=l.O) ON 
PRESSURE  DRAG 
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CANOPY MODlFlCATlON TO  CONFORM WITH COMPLETE 
CONFIGURATION 

Figure 5 
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